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FIELD PILOT TESTING =

Galena Subsite
Cherokee County Site
Issued: May 21,1989 (Preliminary)

INTRODUCTION

This oversight activity is authorized under EPA Work Assignment

223-7L37.

The activities being oversighted are described in a

Work Plan dated April 1989. The procedures to be followed by the
PRP Group has been outlined in transmittals to EPA and consist of
revisions to previously issued EPA documents including the QAPP
and FOP for the Galena Subsite.

ACTIVITIES BEING OVERSIGHTED

The following activities are planned to be performed by the PRP
Group consultant during the period starting on or about May 22,

1989.

The following is a summary of the activities anticipated

to be performed during this period.

(o]

collection, characterization, and stockpiling of mine
waste rock and chat in the 8 EPA mine waste zones

collection and characterization of waters in selected
mine shafts and subsidences in the 8 EPA mine waste
zones

conducting classification and sorting of the mine waste
rock and chat in the stockpiles

conducting batch leach tests with combinations of mine
waste rock, chat and on-site groundwater

conducting of flow-through leach tests with
combinations of mine waste rock, chat and on-site
groundwater (procedures not specified at this time)

The EPA may chose not to provide oversight for all of the for all
the listed activities. The actual schedule for conducting the
field and leach tests may vary. The testing is anticipated to be
completed by the middle of June 19889.
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ROLE OF OVERSIGHT PERSONNEL AND LINES OF COMMUNICATION

CH2M HILL's role during the course of field oversight activities
will be to monitor the PRP fieldwork as specified in this
document and any issued addenda. The basic functions of the
oversight personnel are the following:

1.

Document procedures (field log and photos) used by the PRP
group during the conduct of the work described in the work
plan. The log shall be summarized daily.

Report activities daily to CH2M Hill project manager or EPA.

Provide XRF instrument and operator for use in determining
the metals contents of field samples. These results will be
shared with the PRP group as they become available.

Collect quality control samples or sample splits or
replicates as outlines in the work plan.

Consult appropriate Region VII or CH2M Hill staff regarding
situations that arise during the oversight that require
action.

All duties will be performed in a professional, responsible,
and nonconfrontational manner.

The following activities are not within the role of the field
oversight staff.

1.

The field oversight staff is not empowered to authorize
changes to the approved work plan.

The field oversight staff will not undertake any
responsibilities of the PRP staff, consultants, or
contractor.

The field oversight staff will not be responsible for
obtaining access to any property.

END
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ADRIAN BROWN CONSULTANTS, INC.
155 South Madison Street. Suite 302
Denver. Colorado 80209-3014
(303) 399.9630 FAX (303) 399-970)

June 30, 1989 Ref: 1091C/890€30

US EPA, Region VII
726 Minnesota Avenue VIA FEDERAL EXPRESS

Kansas City, Kansas 66101

Attn: Mr. Glen Curtis

Re: DRAFT REPORT OF INVESTIGATIONS: PILOT LEACHE TESTING

Dear Mr. Curtis:

Attached please find the Draft Report of Investigations, "Pilot
Leach Testing - Galena Subsite, Kansas" describing the pilot leach
testing program undertaken by the participating PRP group. The
report describes the program, presents the data, and evaluates the
likely impact of the Additional Alternative in terms of water

quality.

The agreement between the Participating PRPs and EPA/VII called
for a draft report to be submitted by June 30, 18%89. This Draft
Report of Investigations, which has been prepared as a contractor
report to the Participating PRPs, completes that deliverable. The
data for the field program are complete; copies of the original
laboratory reports from Bruce Williams Laboratory, Joplin,
Missouri are presenetd in Appendix C. The tables and figures in
the body of the draft text include all the data that were
available to us by 1200h MDT on June 30, 1989. These data include
metals and sulfate analyses through pore veolume 30, well into
Cycle 3. It is very clear that the leachate has returnedeto
steady values well within the baseline range of starting waters,
as discussed at length in the text.

The remaining data, which is included in Appendix C, will be
included in updated tables as soon as possible. All required data
(including all our QC data from the outside laboratory) will be
presented in final form in the final report, as agreed to between
the Particpating PRPs and EPA/VII. I have reviewed the data from
the final pore volumes, and I can see no anomalies in the portions
of the data that are not tabulated and graphed in the text of the
draft report.

I trust that you will find this letter and the Draft Report of
Investigations acceptable. If you have questions about this
letter, please contact me or Mr. Paulsen (AMAX). As you know, I
aill be on holiday from July 1 to July 8. In my absence, you may
&Lontact Ms. Barbara Basse, the ABC Project Engineer, who 1is
intimately familiar with the program and this report.
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We anticipate being able to reach closure with you and your
contractors on the termination of the experiment and the
dismantling of the test tanks next week. Per our discussion of
last week, I am sending a copy of this report directly to Mr.
Geitner at CH2M Hill. I have already spoken with him about
discussing termination of the test with Ms. Basse in my absence.

Nothing in this letter is to be construed as altering the terms or
conditions of the Professional Services Agreement between Adrian
Brown Consultants, Inc. and the Participants (Amax Mineral
Resources Company, NL Industries, Gold Fields American
Corporation, ASARCO, and Sun Company, Inc.). Because Adrian Brown
Consultants is an independent contractor, the firm is not
authorized to speak on behalf of the Participants with respect to
any matters outside the scope of the current agreement. In
particular, no statement by Adrian Brown Consultants or any of its
employees or subcontractors may be considered an admission or
waiver of any defense by any or all of the PRPs concerning
liability for response coste or cocncerning the prcecpriety of U.S.
Environmental Protection Agency’s actions at the Cherokee County
site as a whole or the Galena subsite in particular.

Sincerely,
ADRIAN BROWN CONSULTANTS, INC.

Mark J. Logsdon, Project Manager

cc: K.R. Paulsen (AMAX)

Sams (NL)

E. Godduhn (Gold Fields American)
Richardson (ASARCO)

Grossi-Tyson (Sun)

Z ruypw

Geitner, CH2M Hill

File 10091C
A. Brown (ABC)
A. Smith (ASCI)

-- G. Upphof (EMS)

ADRIAN BROWN CONSULTANTS, INC.
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1.0 INTRODUCTION

1.1 BACKGROUND

Cherokee County, Kansas, includes the Kansas portion cf the
Tri-State Mining District, a 500-square-mile area in Oklahoma,
Kansas and Missouri that was one of the world’s leacding lead-~zinc
mining districts. The 900-acre Galena Subsite is one cf six
mining areas that comprise the overall Cherokee County CERCLA

Site, as designated by the U.S. Environmental Protection Agency.

The Galena Subsite centers around the town of Gzlenz, Kansas, &
residential community of 3,588 (1980 census) (Figure 1.l1). Mining
in the Galena area occurred primarily from the 1880’s to the early
1900’s, with a small resurgence of activity in the 1940'’s.
Smelting occurred along Short Creek from the 1890’s to 1861. The
subsite area is underlain by abandoned mines, and there are

approximately 1.5 million cubic yards of weste rock and milling

“Tresidue (chat) on the ground surface. The abandoned mines flooded

following the end of ground water pumping.

~Over geologic time, oxygenated water has reacted with metallic
- -=sulfides in mineralized areas to produce locally acidic water with

_relatively high concentrations of dissolved metals, including

Adrian Brown Consultants, Inc.
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Figure 1.1 - Plan of the Galena Subsite Area
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iron, managanese, cadmium, lead and zinc (Anginc, 1988). The

ground waters containing metals discharge seasonally to local

creeks, primarily Short Creek.

In 1984, the U.S. Environmental Protection Agency (EPA) prepared a
Remedial Action Master Plan for the Cherokee County Site,
reviewing the site issues and preoposing a scope of work for
Remedial Investigation and Feasibility Study activities. Phase I
Remecdial Investigations for the Galena subsite were completed by
EPA in 1986. Work by EPA, primarily in 19€7 and 188E, led EIPA tc
prcoose a remedy (currently called the Preferred Alternative)

that, in addition to scme remediation of surface water drainage
and of potential crcss contamination of the deep acuifer due to
boreholes or failed well casings, proposed conventional milling of

waste materials at the site followed by disposal of milled

tailings into mine voids.

In late 1988, the Cherokee County potentially responsible parties
(PR®s) perfcrmed & labecratory investigation of the leachability cf
waste rock and chat under fully and variably saturated conditions
for the purpose of evaluating likely effects on water quality of
disposing of untreated waste r&ck and chat to the mine voids in
the Galena subsite area (ABC, 1988a). The PRP stucdy showed that,
for the test conditions (which included crushing the waste
materials pricr to leaching), the wgéée materials under fully

saturated conditions did not leach significant amounts of metals

or generate additional acid drainage after a very short, initial

Adrian Brown Consultants, Inc.
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leaching that probably is associated with the grinding that was
required by the EPA experimental protococl. The variably saturated
experiments showed a slightly higher tendency to leach metals from
the cruched waste materials, thcugh the test results were not
significantly different for the untreated waste materials than
they were for tailing prepared by the EPA bench-scale methodology.
The PRP study concluded that if any remedial action is needed at
all, both empirical data from these tests (and other laboratory
and field tests around the world) and theoretical geochemicel
ccnsiderations suggecsted that disposal of untreated waste

Zmaterials below the warter table would likely limis the digecluzticon

(=)

reactions that cause metals to leach and mitigate the potentiz

for water gquality degradation (ABC, 1988a).

1.2 RESPONSE AND ADDITIONAL DIRECTION FROM THE U.S. EPA, APRIL,

1989.

"Ey lerter from A. Feurst (EPA/VII) to P. Keppler (AMAX), the EPA

invited the PRPs to a meeting in Kansas City, Kansas to discuss
the status of the Agency’s reevaluation of the Preferred
Alt€rnative (conventional milling) in light of additional
metallurgical results and the PRPs’ laboratory investigation of

1988.

In the April 10, 1989 meeting, EPA and their contractors presented

"the results of their metallurgical testing, 'showing that even with

Adrian Brown Consultants, Inc.
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a very elaborate crushing and five-stage flotation process,
extraction of metals from the waste rock was incomplete. The
EPA’s bench-scale process left a fine-grained (minus 200 mesh)
tailing that was subject to substantial leaching of metals because
of its high area-to-volume ratio and the relatively high residual
metal content of the tailing (ABC, 1988a). In addition, based on
the revised estimates cf the volume of waste material at the
subsite provided to EPA by the PRPs (Andes, 1988 a,b), the millinc
crocess prcposed by EPZE likely would lead to costs that were much

reater than the apparent benefits of metels reduction available

8]

Vo]

ct
o)

rrough the Preferred Rlternative,

The EPA and its contractors acknowledged that the results cf the
PRP laboratory-sczle testing program (ABC, 1588a) were
sufficiently technically suvpportive of the hypothesis that little
or no long-term water quality impacts were to be expected that the
matter of disposal without treatment should be pursued as an
additional alternative in the Feasibility Study process. CH2M
Hill raised several concerns about scaling the laboratory results
to full-scale field condizions, particularly when the lixiviant
would be actual ground water rather than the artificial rainwater
that was specified in the August, 1988 EPA workplan for use in the

PRP laboratory program.

CH2M Hill proposed a modification to the so-called Additional
Alternative proposed by the PRPs on December, 1988 (ABC, 1988b).

In the CH2M Hill proposal Zor an Additional Alternative,

Adrian Brown Consultants, Inc.
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coarse-grained (i.e., larger than two inches in effective
diameter) waste rock and low-zinc chat would be disposed cf below
the water table, to limit disposal below the water table to
materials that are least likely to contribute scluble metzls to
the ground water. Higher zinc chat and finer grained waste rock
would be disposed of above the water table (as these materials are
expected by CH2M Hill to be relatively more reactive in the loceal
ground waters), and the entire assemblage would be capped with low
lead (iess than akcut 1,000 ppm) chat to minimize any potential
ingestion and inhzlation risks at and near the ground surface.

.l aspects,

+ 3
o
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cularly related to remediation of surface water conditicns,
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but these were not elaborated in the April, 1989 meeting. The

CH2M Hill proposal is now the Additional Alternative under review

by the EPA.

As part of the evaluation of the revised Additional Alternative,
engineers from CHZ2M Hill presented and discussecd the draft wcrk
plan for adcditional field-scale pilot testing, a copy of which had

been sent by EPA zlong with the letter notifying the PRPs c¢f the

— April meeting. A copy of the original draft work plan is

-l T

-- --presented in Appendix A. The purpose of the proposed pilot tests

was to evaluate possible water guality impacts using full-sized
waste rock and chat and actual Galena-area ground waters in
"large-scale tests that more closely approach the site conditions

that are to be expected if disposal without treatment is pursued.

Adrian Brown Consultants, Inc.
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Following discussion between the PRPs’ representatives and the EPA
and CH2M Hill, EPA asked the PRPs whether they would undertake the
proposed work. Modifications of the draft wcrk plan were proposecd
by consultants to the PRPs and accepted in principal by both the
the EPA and its contractcrs and the PRPS (Appencix A). Based on
the modified work plan, a group of the PRPs (AMARX Minerzl
Resources; ASARCO; Gold Fields American; NL Industries; and Sun
Companies) agreed to undertake the pilot tests and retained Adrian
Brown Consultants, Inc. cf Denver, Ccloradc to design and

implement the pilot tests and to prepare this report of

1.3 OBJECTIVES OF THE PILOT LEACH TESTING STUDY

1.3.1 Overall obijective

The overall purpose cf the pilot leach testing study was to
evaluate the effects on ¢ground water quality of disposing of waste

“rock and chat to mine voids in the Galena subsite area as proposecd
in the CH2M Hill Additional Alternative, using uncrushed waste

rock and low-zinc chat and ground waters frcm the subsite.

Adrian Brown Consultants, Inc.
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1.3.2 Specific okjectives

Specific objectives of the PRP testing program include the

following:

1. Material characterizaticn. The first objective was to

characterize the materials of interest for the pilot
tests with respect to their chemicel and physical
behavior (i.e., permeability during flow-through
leaching) in the Galena subsite environment.

Specificelly, evaluaticn of the following matters was

N

.

&al€ Wil IFggpell TO EL.1Ce€0usS &anl Ca.Careous waste oA

{

chat, and ground waters iIn the m&jor subsidence areas of

the Galena Subsite:

a. Material properties. Characterization of the total

metal and sulfur content of representative samples
of both siliceous and calcareous waste rock and
low-zinc chat to be used in the tests. (The
permeability of the waste rock and chat mixtures
used in the actual tests was determined during the

flow-through tests.)

b. Water chemistry. Characterization of water

chemistry from major subsidence ponds in

TPA-designated Areas 1, 4, 5, 6, 7, and 8.

Adrian Brown Consultants, Inc.



Pilot Testing - Galena 1-9 June 30, 1989

2. Estimation of the impacts of the Acditional Alternative

on groundwater quality. The second objective was to

characterize the chemical behavior c¢f the test materials
during leaching with local ground water. Specifically,

two styles of leaching behavior were evaluated:

2. Flow-Throuagh Leachinc. Evalueticon of the rates of

leaching by Galena-area groundwaters of
coarse—-grained waste rock and low-zinc chat and the
resultinc ccncentrations of metels of concern under
fully saturzted leaching conditions as a function of
the number ¢ pore volumes ¢f ground water that flow

througnh the materials.

b. Batch leachinag. In addition, evaluation of maximum

likely concentrations, determinecd through static

batch-leaching tests.

1.4 PRCJECT TEAM ANT RESPONSIBILITIES

The project team, with their general areas of responsibility,

includes:

0 PROJECT MANAGEZR - Mark J. lLogsdon (Adrian Brown Consultants).
Responsiblé for design and implementation of the pilot test
program; for overall project management; for analysis of the
geochemistry cZ the pilot tests; and for preparation of the

report of investigations.

Adrian Brown Consultants, Inc.
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0 PROJECT ENGINEER =- Barbara Basse (Adrian Brown Consultants).
Responsible for field characterization and sampling
activities; for operation and sampling of the pilot tests;
for day-to-day project management in the field; for site
safety activities; and for preparing pecrtions of the repor:
of investigations dealing with field methods and procedures,

data, and gquality assurance.

(1]

NGINZEZR - Gary Andes (Independence Enterprises)

t1
In

0o TIZLD
Assisted Ms., Basse in field characterizaticn activities and
consulted with Adrian Brown Consultants con locations and

vclumes ©of waste materials and subsidence features.

o LANDMAN - Howard Sears (Independent consultant, Lebanon,
Missouri). Responsible for researching site ownership

records and obtaining site access agreements.

o0 CONSTRUCTION SERVICES ~ EPIC Constructicn (Liberty, Missouri)

and Tulsa Testing Labcratories (Tulsa, Oklahoma).

© ANALYTICAL SERVICES - PSI-Bruce Williams Laboratory (Jcpiin,
Missouri). Responsible for short-turnaround analyses of
metals and other basic chemical parameters; Core
Laboratories, Aurora, Coloradeo. Responsible for

quality-assurance analyses and full chemical analyses of

selected samples.

0 SENIOR TECHNICAL REVIEWERS - Adrian Brown (Adrian Brown

Consultants, Inc., Denver, Colorado); Adrian Smith (Adrian

Adrian Brown Consultants, Inc.
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Smith Consulting Inc., Vancouver, BC); Gary Uphoff
(Environmental Management Services, Inc., Fort Collins,

Colorado).

1.5 ACKNOWLEDGEMENTS

The project team wishes to acknowledge the cooperation of the

following individuals and their organizations:

© Ms. Llice Fuers:z, Ms. Jane Kloeckner, and Mr. Glen Curtis

- £ ~ T P I S
TA Steil Trompily reviewec eaii project
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materisls submitted to them during the course of the pilot

test program and provided succinct and timely comments.

o Staff of CH2M Hill. The CH2M Hill staff also promptly
reviewed project materials submitted to them during the
course of the pilot test program and provided useful

comments.

"0 The Town of Galena. The town clerk and the members of the
police and fire departments cooperated at all junctures in
providing us access and appropriate levels of security at our

test areas.

Adrian Brown Consultants, Inc.
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2.0 PROJECT OVERVIEW

2.1 PROJECT ACTIVITIES

Project activities called for in the EPA direction for this
prcject (EPA, 1988%), and subsecquently agreed to by the EPA and the

PRPs, comprised the following:

1. obteining access frcm site owners to collect samples and

perfcrm tests on their property;

2. design and preparation of operations plan for field

characterization activities;

3. collection of samples of waste rock and chat from the field,
and preparation of the samples (sieving and mixing) for

chemical znalysis of total metals and use in the leach tests;

4. ccllection and chemical analysis of samples of ground waters
from subsidence pits and abandoned open pits in EPA Areas 1,

4, 5, 6, 7 and 8;

5. design and preparation of operations plan for pilot-scale

batch and flow-through leaching tests;

6. pilot-scele characterization of the leachability of samples

using batch and column leach testing;
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Figqure 2.1 - Location of Sampling Areas - Galena Subsite

1: EPA Area 1 WR: Waste Rock Sample CH: Chat Sample
524: Pond Sample
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7. evaluation of the potential effect of the Additional

Alternative on ground water guality at the site.

This section of the report presents a description of the
activities, methods, ancd procedures used in the project. The
following two chapters present the testing results and the

evaluation of the effects 0f the Additional Alternative based on

the pilot-scale testing.

2.2 SAMPLING AND INITIAL SAMPLE HANDLING

2.2.1 Samplinc cf Waste Rock and Chat

As directed in the EPA work plan (EPA, 1989) and as agreed with
the EPA’s oversight representative, mine waste-rock was sampled
from areas 1, 4, 5, and 7 and chat was sampled from &areas 4 and 5
in the Galena subsite (See Figure 2.1). 2ir photo-based property
maps developecd by the Cherokee County Assessor were used to locate
sampling areas in the field, and samples were collected as channel
samples at random locations within each sampling area or pile,
using a backhoe bucket. The backhoe splits were placed in a

canvas-lined cdump truck for transport to the test area for

stockpiling arnd handling.

Waste-rock piles were selected based on previous EPA sampling and

on the basis cof observations of mineralogy (both gangue and ore)
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by the ABC Project Manager and the EPA oversight representative.
Chat piles in areas 1, 4, 5, and 7 were surveyed by the EPA
oversight representative (accompanied by the ABC Prcject Manager),
using an Aurora Tech field X-ray fluorescence (XRF) unit with a 15
mCi (original) Cd-109 source and field standards developed by CE2M
Hill from samples collected and analyzed for the EPA as par:t of
the Phase I Remedial Investigation. Based on the index numbers

obtazined in the field and the calibration curves developed by the

EPA oversight representative, low-zinc chat piles in areas £ and 7
were identified as suitable for use in the pilot-scale tests. &
cctzl ¢f ezpprouimeately 1I o tons cof siliceous waste rock, 10 tcens cf

celcareous waste rock and 10 tons of chat were ccllected frcrm the
site by the construction crew under the supervision of the ARBRC

project engineer.

The waste rock and chat piles were homogenized with a backhoe to
achieve mixing to the extent practicable. Mixing of the highly =
variable waste rock was overseen by the ABC prcject engineer and
the EPA oversight representative, and mixing continued until they
were satisfiied that the piles had been as throughly mixed as
practical. Mixing of the chat was assessed using the field XRT

unit and continued until the EPA oversight representative judged

the mixing as adequate for the-purposes of the tests.

Following mixing, the waste rock piles were sieved at a nominal 2
inches to create two stockpiles (one coarser and one finer than 2

inches) of each waste rock type. After thorough mixing cof the

Adrian Brown Consultants, Inc.



Pilot Testing ~ Galena 2-5 June 30, 1989

plus 2-inch waste rock stockpiles and the chat stockpiles, a
suksample of approximately 200 pounds of each rock type was
obtained from at least four separate locations on each stockpile,
as planned in the Field Operations Plan and directed in the EPA
Work Plan. The 200-pound samples were delivered under chain of
custody to Tulsa Testing Laboratory for crushing to minus 200
mesh, and splits of these samples will be submitted under chain of
custody fcr chemical analysis and mineralogical analysis by X-ray

1ffraczion (XRD).

A two-perscn sampling crew characterized and sampled Ponds 14, 4%,
512, 524, 617, 720, 816, and the "Blue Hole" in Area 4 (Figure
2.1). (Pond designations are those of McCauley (1983); see also
Andes, 1988b.) 1In each case, the ABC crew floated on the pond in
an inflatable raft to (1) probe the pend for depth, (2) profile
the water-guality field parameters, anc (3) collect samples for
subsequent chemical analysis. The principal tocl for determining
water-guality field parameters was a Martek Industries M-XVII
instrument, which simultaneously collects data on temperature, PpH,
dissolved oxygen, conductivity and temperature-corrected
conductivity (equivalent to the specific conductance value
reported by the laboratory). The Martek tool was calibrated daily
in the field fér pH and conductivity:; it was factory calibrated

for temperature and dissolved oxygen immecdiately before shipment
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to the site. At each pond, the crew identified the area cf
maximum depth, then took field parameter readings at approximately
80%, 50%, and 30% of total depth and at the surface in that area,
{(Because cf a delay in arrival of the Martek instrument frcm the
factory, the Blue Hole was not profiled with this tool. 1Instead,
physical samples were collected with a stainless-steel thief
bailer at approximately B80%, 50%, and 30% of total depth and
srlits of the water were zanalyzed with a Presto-Tek DSPH-1
multi-purpose meter ancd pE paper for ccnductivicy and pH. RIL

other ponds were profiled with the Martek tool prior to sampling.)

3

ids that showed relatively little indication of

(331
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ion in field parameters (Poncs, 14, £12, 524, 617, 720,
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and 816), a single water-gquality sample was developed by
compositing samples collected with the stainless steel thief
bailer from approximately 80%, 50%, and 30% of total depth. For
Pond 41, which showed significant evidence of stratification in
dissolved oxygen, and the Blue Hole, which was not profilecd,
separace samples were collected at the proportional depths end
submitted for_chemical analysis. Water quality samples were
collected from the raft in new cubitainers; the samples were
transferred to laboratory-supplied sample bottles on shore after
sampling. Each sample was collected in two splits. One split cf
1,000 ml of unfiltered water was sampled forlanalysis of
parameters that are to be done on unfiltered samples (general
parameters and major ions, including sulfate). One split cf 500

. ® .
ml was sampled for dissolved metals; this split was filtered
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through a 0.45 micron nitrocellulose filter and then acidified to
PE 2 (or lower) with nitric acid. After sampling, the bottles

1

b=

were sezled and kept in an insulated cocler cn ice unt
transferred to the laboratories. All samples were handled and

documented under chain-of-custody.

Detazils of the sampling locations and the sampling approach used
are provided in Appendix B to this repcrt, a copy of the field

notes oI the ARC Prcject Manager and Project Engineer.

N 2 CRrrrmT AT TmsTAYmT AN AN
- v - ~

el el Il I e e e ey

The waste-rock and the chat stockpile samples were individually
composited. Following mixing and screening of the stockpiled

samples, several steps were performed to prepare materials for
testing, consistent with the procedures of the Field Operations

Plan (see Appendix B for details):

1. Splits of waste rock (in three grain-size/handling fracticns:
plus 2"; minus 2"; unscreened) and chat were collected and
prepared for various batch leaching tests which were intended

to test meterials properties parametrically;

2. Plus 2 inch waste rock and chat samples were mixed with the
backhoe bucket to the extent practicable for the pilot-scale

flow-thrcugh leaching tests (see discussion below); and
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3. Samples 0f ground water were co.leczed for use in the varicus
batch and flow-throuch zests. Samples ¢cf the test weater were
ccllected fcr chemical analysis before testing began, &as well
as after the 24-hour batch tests and throuchout the

flow-through tests.

The decision to mix intimately (rather than layer or randoemly

rlace) waste rock ancd chat was made by EPA, based on a

TEesSTE, 1T wasS CcCrne.gerel conservative (l.e., 1T wgulc nc:t

1G]
ct
O
3
)
“
3

b
D

underestimate potential effects) te mix the material
pctentiel reacticns and reaction rates and minimize the potentiel
¢r channelinc c¢f fiow in the Ifilow-through tests. TwC pcints were

noted by &all parties in developing and reviewing the field

operations plan addendum for the leach tests:

is no contemplaticn by any party of intimately mixing

..]
+3
by
(U]
t
m

3

waste rock and chat were a full, fielcd-scele implementatic

- e -
Tegnent

cf “he Additicnal Elternative to be performec. The a

Q

to mix samples fcr the purpcse ¢of these tests i1s not an
endorsement by the Participating PRPs of mixing as a viable

or technically justified materials-handling step nor as an

element of the Additional Alternative.

2. Because c¢f the mixing of materials, including, but not
necessarily limited to, the effects of self-grinding during

the elaborate and extensive mixing process, it is likely thatz
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leaching will be overestimated by these tests in compariscn

e d e

to actua. fielc~scele disposel.

TwC Sstylies of leaching experiments were perfcrmed in the fleld at
The test facility developed near Pond 524: Dbetch testing c¢f
vericus scllcd and water sanmrles in EZ-gellon drume, and
flow-througn leacning c¢f large samp.es ¢f waste-rock and chat

- . - N .
Z.4.12 zatcen TestTaincg

Batch leaching tests were perfcmed (1) to cktain a rapid estimate
o

Twenty-four~hour batch leaching tests were perfcrmed, modeled crn
CPA prctocc. SWE824, using actuel site grouncd waters and a
water-rock ratio of 2:1. Evaluation ¢f the chemicel cdata from the
various leaching experiments on waste roCk provides data that can
be used to assess the nature of solutions that could be derived by
leaching of the waste materials. Additionally, the data provice

information about the processes that are likely to control the

fate cf metels.

Eighteen batch tests were performed. Tests 1-12, performed in £5-

gallon drums, assessed various combinations cf waste materials and

Adrian Brown Consultants, Inc.
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Subsite ground waters. Tests 8 and ¢ were replicate batch tests.

Tests 13 and 15 assessed the potential Impacts of varying the
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2.4.2 Tlocw-Through TecstTs

Two flow-through leaching tests were devised (one ci which was
performed in duplicate to test the reproduciblility of the date),

in crder to simulate the potential differences that might exisc

(]

from leaching calcarecus and silicecus weaste rock. The
as-cdesicned and as-pullt drawings ere rresented as
2.3. Test methods are detalled in Appencices A and B, and a

[

summary i1s provided below:

0 The three tanks were filled with pcnd water and zllowed to
sit (closed) for 24 hours to de-air. At the end of this
time, the water was sampled, tested for field parameters and
split for treatment (as appropriate) and shipment to the

chemiczl laboratcries. Following sampling, the tanks werne _

drained.
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Figqure 2.2 - Flow Through Test Tank
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Figure 2.3 - Flow Through Test Tank Svstem Desiagn
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0 Focr actual leach testing, the tanks were loaded first with

test water followed by the waste rock-chet mixture. The rccok
charce was saturated with pond water and the vcliume cf thas
wacer carefully measured as f£.11ing proceded, untll the tanx

was loaded 2o the cverflow vents. Weazer level (head) in <the

filled tank was contrclled with the plastic manometa2r tubing

at an elevation just ebove the top cf the rock (Figure 2.3).

¢ The tanks were left fully locacded with rock and water fcr 24
hours. AT the end of the 24-hour batch test, the tank weas
drained, and samples were ccllected at three time intervels

fcr each tank, representing, the early, middle and late

o
ot
o
g
n

effluerts. These samples were tested Icr fleld reram
and sclit for treatment (as appropriate) and shipmen:t tc :the

chemicel laboratories for analysis. Fellowing the third

samrpling, the tanks were dreined.

©¢ The tanks were refilled, with the volume acain being measured
by flow out of the header tank. When the tanks were fillecd,

the first cycle of the flow-through test began.
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o Flow throughout the tests was maintained a2t 2 gallons per
rminute via the valving system, and the head in each tank wes
meaintained at a2 ccnstant eleveticn vie the menometer systern,

as showrn in Figure 2.3,

23

¢ Three test cycles were performed. 1In Cycle 1, the chrharce was

leached with water from Pond 524 that tacssed through the

500~gallon header tank Qutflow samples were ccllectecd &z
ccre vclumes 172, I, Z, 3, 6, 10 ancd .S (Tne Operaticns

irst cvcle ©o enc eiter pecre vcolume L0,
but during discucssicns between A3C, EPR and CHE2M H:ill cver

csues ¢ experimental protocol, the first cycle was extenced

guality o0f introducing & large volume cf "razinwater" into th
system in such a manner that it mixes with the ambient grcund
water before that mixed water can react with the disposal

crerge. The ccnceptual model for this cycle is zs fcllows:

- A majcr reinfall event (e.g., a high intensity convective
storm or the hichest intenéity portion of a longer-term
frontal storm) provides enocugh precipitation to produce &
1:1 mixture of amkient ground water and "rainwater" in <the

saturated zone ¢of the major subsidence pits.

For pond 524, with a total volume of apprcximately 1.68

million gallons, this amounts to a "razinwater" component

ria r tants, .
Ad n Brown Consultants, Inc
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flowing pest the mcdel dispesal charce of B84(C,000 gellens
(aprroximately 2.5 acre-feet ¢of rainwater). Fcr an
up-gradient capture aree c¢f abour Z - 3 acres, this

amounts to abcut 1 foct c¢f rainfell, assuming 100%

grcundwater system. All of these assumpticns seenm
exzremely conservative with respect tc the likely impac:
cf rainwater on tne groundwater system, but they were

~

O

ved T0 prcvicde & sultably censervative analysic ¢f

t

{

1

t
(19}

{

{

raise and fell cver a few days by nc mcre than akou:s
feet. For Pcnd 324, this amounts to cnly about a 10%
change in volume, presumebly reflecting about a 10%

reinwater/over_and flow input, insteac of the 50% moceled

Trne ground water ~ rainweter mixture flows thrcough the

the mazterials.

ot
'1
o}
«Q
b
'l.
it
o2

¢lsposzl charce, pctentially reac

Following the slug of mixed water, the groundwater systenm

~cient conditions, as represernted in these

™

returns to its
tests by Pond 22<. The more normal ground water displaces
the mixed water as it flushes through the svstem.

Eventually, the cround water returns to its normal rance

0f chemical ccnditions.
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Cycle 2 incroducec 1 pore vclume c¢f & mixed water, followed
ry ¢ pore vclumes ¢f water from Pond £24. As described in
la

.

producec as

rt
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- Gelerz systenm water (derived frcm the Roubiccoux Formatlicn
and samrlecd at the Galenez Fire Departmenz) was introduced
into a 50C-gallcn water tanker.

ume - low-hazard wastes. The pH 5 velue :Is

O
th
:
}
N
92
]
<
o)
’J

that proposec by EPA for testing west of the Mississippl
River The Galena system water was chosen es an initiasl
waeter for develcring a synthetic "rainwater" on the fasis
cf its relatively low dissclved load anc its avellarcility
in large volumes nearby. (Meesurements ¢ Iield

parameters cn samples collected for use in the tests are
fully consistent with published datea in Spruill (1884%) and
the RI (1986) with respect to pH, dissolved oxugen and
conductivity, indicating that representative samples cZ
the system water were used in the tests.) Two 300-gallcn
batches of "rainwater” were procduced. The pH of the £irst

batch was 4.99; the pH of the second batch was 4.90. Bcth
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cf these are ccnsidered sufficiently close to pE 5 t©c mee:

the pH criterion for the test water.

- DPond water was pumped into the 600-gallern tanker elcng
with the pH-acdjusted "rainwater". The water level in the

header tank was cdrcpped to about 50 callons, anc the pcnc
warter -~ "ralinwater" mixture wes pumped from the teanker tc
the header tank. The prccess was repeated twice

) -~
tely 1,2

)

Tanker mixture, rrcducing & total cf eapprexinm

cellcne ¢f neminzlly 1:I mixed water

- Thz flcow rzte Thrcugh The TesT Tonii o wif o nelld et I ogzlliics
TDer minute per tank during the entire cvcle, prccducinc e
flow ¢cf 1 ncminal pore volume per tank at the same flow
rate as during all the rest of the flow-thrcugh tes:.

- Samples were Crewn at pore volumes 1/4, I, 2, 3, 6 and _C
of Cycle 2

Cycle Z ccntincved the flow-thrcough test usinc water Zrcm Fond

£24 fcr an additionzal 10 pore vclumes beycnd Cycle 2.

- -

Sampies were drawn at pore volumes 1, 3, 5 and 11 cof Cycle 3.

o Because of the extension of Cycle 1 and the cross-over times
for Cycles 2 and 3, the tetal flow through test flowed
approximately 38 pore voclumes of test waters throuch each of
the three test charges, or approximately 15,000 gallons per
test. The total testing time was approximately 7 days,

dincluding the initiel 24-hour batch tests.
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th

o Tcllowing the cenclusion of sampling for the Cycle 3

flow-throucgh tests, the tanks were crzined in a step-drawccwn

t-

Test tcC assess hydraulic conductivity c¢f trhe test charges.

o After completion of the drawdown tests, the tanks were
resaturated, the plumbing disccnnected, ancd the tanks sealec
against iIntrusion, pending review cf the lakoratory date.
When EPA has reviewed the date and determined the test z¢ te

-
-~

mp.ete, the tanks will be disassemblecd ard the tes

A —~ - Ll Y~ - : - - o
ocliceZ, per the rield Cperaticns F.oarn.
~ = -— -~ - -~y - -
L. 2 C:‘;.’;”-».r.._ .»-.nr.._‘:’S-S

All water samples were collected fcr analysis of a selected lis:
cf parameters, stipulated in the EPA work plan (Appendix A), a:
Profecsiornel Services, Inc. - Bruce Williams Jivision (Rruce
Williams), Jcplin, Misscuri. Parameters anelyzed at Bruce

Williams were:

SHORT LIST CHEMICAL PARAMETERS

pH
i Specific Conductance

Oxidaticn- Recuction Pctential (ORP)
] Sulfate
o Dissolved Cadmium

Dissclved Lead

Dissclved Zinc

" " Approximately 10% of the water samples were ccllected as quality

H

contrecl splits, including blanks and replicates to Bruce Williams

as well as replicates which were transported under
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chain-cf-custody for eanalysis at Ccre Labcratcries, Aurore,
Ccleoracc. Core laboratories were asked tc anelyze the water
samp.es fcor the Icllowing parameters:

QUALITY CONTROL ANALVSES

o35

Specific Conductanc

Total Dissolvec Sclids

Maijcr Cations (N&, K, Cs&, Mg)

Mzjor Anicns (HCC3/CC3, S04, CL, )
C.ssclived

ec Merels (21, &s, Bz, Cd&, Cr, Cc,
u, Fe, Pk, Mn, Eg, Se, Az, V, Zn)

rLddicicnally, access tcC cemp.ing was prcecvided tc the ZIPA oversich

—~ - - LR} - v Y - - . K D - - -y —~ - r
perscnnel througncut the tests, and they cclleczed abcut 10% ¢

- = o Ao - o~ - e - _——- " - ~ - - - — N .- s ~— - [ PR -
~ns gzmwolss zg solive foroznzl volz o zo oz IZPi-zzlectel ConTroczt

- - bl i - - - - - - - - -~ = —
LarccrazTcry The EPZ laCcrazcry wés to be esred te analvze Icr the

The sclicds will be analyzed at Core Laboratcries, with quality
contrcl samples analyzed at Kaensas City Testing lLaboratories, whern
the samples are dellivered by Tulsa Testing labcrateries. Th
solids will be anelvzed by & tctel digesticn methocd for the same

-

ns &and mezals as listed zbove fcr the water QC samr_es.

mejcr ic
In additicn, the solids will be tested with the EPA’s Tcxicity

Characteristic Leachate Procedure, EPA Method 1311, Cecre
Laboratories (or a subcontractcr approved by the ABC Preject
Manager) will perform x-ray diffraction anzlysecs cn splits cf the

solicds to determine the mineralogy of the samrles.

All anzlyses at zll laboratories used in this procram were
Y

performed in accordance with stendard EPA procedures, for those
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prccedures that have beern published. Seccndary scurces fcr
analytical methods inclucde Standarcd Methods fcr the Aralvsis c¢f
Water and Westes, ASTM, USDE, NICSH, anc otherse. Ccpies c¢i the
ane_.vTical Statements of Wcrk are cn file &t Adrian EBrown

Consultants ancd at the laboratories.
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3.0 RESULTS

Various mixtures ¢f waste rock (bcth silicecus and cealcarecus) and
low-zinc chat were sufjected to a range of tests to cdevelcy &an
understanding c¢cf the leaching and permeakility characteristics cf

the test mixtures. The battery of tests incluced chemica.l &ncd

)

¢ 30-40

m

mineralcgicel enalyslis, 24 hour batch leaching,

-

pcre-volume flow-through leaching. The results are presentec

Eveluation of the datae on the startinc chemistry of greocund waters
and solids provides not only information used to assess baseline
characteristics, but also may provide infcrmeticn about the

processes that are likely to be important In the fate cf metals

anc cther sclutes.

2.2.1 Waste Rock and Chat Heacd Grades

Tctal metals analyses from splits of the waste rock used in the
Decembe-, 1988 tests (AR, 1988a) are presented Table 3.1;
anzlyses for the compcsitced chat sample are presented in

Takle 3.2. These tables will be revised and expanded to include
total metals concentrations for the samples selected as part of

the pilot testing when theose results become available.
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Table 3.1 -

Total Metals Concentrations in Various Waste Rock

Samples
METAL MINUS 1" FZED -.CC MEsyE FzIz
TCR CQOLUMIY AND TOR MILLING
BATCH TESTS Or TZET TRILING
Cacmium mg/kag 58 4C
Ircn mg/kg 8,332 8,2CC
Leac mg/kg 1,383 4,23¢C
Mangarese mg/kg 1,126 140
znc ng/xg 13,424 7,CCC

Table 3.2 - Total Metals Concentrations in the Composite Chat

Sample
METAL UNIT CHAT
Cacmium mg/kg 10
Ircn mg/kg 7,648
_eac mg/ kg LB
Manganese mg/kg ¢z
zZinc mg/ka 2,599
Adrian Brown Consultants, Inc.
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Until the new cata become aveailable, the 1988 PR® data are
considerecd sufficiently reliable to be useful fcr the purposes <f

this Ccraf: report.

The head grades indicate that the materlials used for the 19E6

waste IrCCK testing progrenm ere well within the range ¢of values

< - ki
gnd ¢f the range that hec grevicusly been reported Ncte, tce,
- h - - bl Y - - ~ Yo~
That whlile The tCTea. metTe-c ve.ues repcorteo oy AMAY IZxtractivs

Ccre Labcrazcries, the RMIX split was lower in zinc but hicher Iin
lead. The differences are probably due to & "nugget eflect": the
impact cn tctal metals of even a small, but high-grade portion c¢f
sphalerize (e.g., in the case ¢f the Ccre sample) or gealena (e.g.,

the AMLY samr.e). These exarmrles 0f nucger effects show the

inherent Zdifficulty cf rrepering & "rerresentative" sampie fcr
chemicel testing. It was, in part, to address these sampling

Vierk Plan and the 1=

J
og]
ty

issues that the test prctocels of the E
Fielcd Cperaticns Plans stipulated the collection, steckpiling and
mixing of very large (o the order of 10 tcns) samples of each of

-

the three types of sclid waste materials.

rian Brown Consultants, Inc.
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3.1.2 Baseline Water Qualitv

Taole 3.3 presents the data on water guality in Ponds 14, 41,
£24, €.7, 720, 816, anc the Blue Hcle. These poncds, whose

locaticns were iderntifled in Figure 2.1, represent the mejcr
bodies of standing ground water in subsidence areas and abandcned

cpen pits in EPA Areas 1, 4, 5, 6, 7, and €, ccvering the full

gecgrachic area of the Subsite in which there I1s substantiel

- - - < - - B N -1 Lakelby
stending water in subcidence ereas evallarle for dispesel. (E2Z
be = > -~ o - - ~ a s N o - - BN ~ o~
hrezs 2 and 3 ccrnTeln llitolie ¢cr no cground water in surcsidence

: . -
Tits; see Andes, 1%%8b)

It is clear from these cata that there lg & substantial rance i
water guality acrcss the site. All of the pcnds have relativel
low tectal dissolved sollids concentrations, &lmest certainly less
trhan 500 mg/l, based on ccnductivity values between 128 and
approximately 550 tmho/cm. Sulfate concentrations rance frem 22
to 224 mg/l, all within the Secondary Marimum Contaminant Level
(40 CFR Part 143). Severel cf the pcnds rhave near neutra
low to ncn-cdetectable values ¢of dissclved cadmium and lead. On
the other heand, some of the ponds, for example, the RBlue Hole in
Rrez 4, have pH values around 3.5 to 4 and, as expected, a few
tenths ¢of a part per million (mg/l) dissolved cadmium and lead and
a few parts per millicn (mg/l) dissclved zinc. The range of
observed, ambient values shown in Table 3.3 will be referred to

below as the baseline or baseline range of water guality.

Adrian Brown Consultants, Inc.
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As was pcinted out in the Phase I Remedial Investigation (RI)
(EPA, 198¢6) and Spruill (1564), cdesrite the geographiceal

crrelaticn ¢of abandecned mines and mineralized grcund water, The

0O

cause. connection between mining wastes and ground water
ocntamination” is tenucus. In the RI, zinc is the orly indicatcr

paramezer that could be shown statisticeally to be elevated In

crinking water wells lcoccated dcwrn gradient c¢f mine weorkings end

westes; no statistically ciscernifle increese over baseline rances

was coserved for cadmium, leed, lrcn, ©r net zlkalinity (RI, Teagecs
ol . N - - ~ < .= - - - -

4¢€ TC 4C; Figures 4-7 tc 4-9) The lack c¢I coverlance betwee:

LI T e TR N S A S o N I T D e = T N N - R U S S S

..... I The cuner indlicztir greclsr TC g fnTecCteld IrcmoThe CHIw

The new datea c¢f this study provide further evidence against a

imple causal connecticn between mining wastes and shellow crcund

water degradetion. All B ¢f the pcnds that were sampled In this
baseline stucy are surrounced by mining wastes, vet the renge ci
coserved water quelity, &s shown In Taepble 3.3, is large. Ccnsider

the differences in water cuality between Pond 41 and the Blue
Hcle, which are located less than 100 meters apart in Area 4.
-Pond 41, evidently a sursicded shaft based on its form and the
characteristics of the surrounding waste materials, has a pE cf
about 7, conductivity of about 530 umho/cm, low dissolved coxyger,
and low to non-~detectikle values of metals. In contrast, the Blue

Hole, also a stubsided mining feature, has a pH of about 3.5,

Adrian Brown Consultants, Inc.
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concductivizy ¢f abcut 370 umho/cm, relatively high dissclved
oxycen (kased on laboratcry measurements cf cxidation reducticn

er

el

pctential (ORP)), and diesclived metals in the tenths of parts

millicn (CZd) te a few parts per millien (Pr, Zn).

roulezlicn, mininc and mining weste, on the cne hand, are C.earl
—ed Causelly with the presence of mineral:rzed ground. (o
ne other hand, there 1s compelling geocnemiIcal reascn te belleve

ater recharcing to and flowinc throucgh the

s,

d
mineralized and fractured ground cf the Galena ore field would

produce, at least locelly, acid waters and elevated sulfate, tozal

dissclved sclids and dissolved metals (Anginc, 1988). In lichzt c¢f
this infcormaticn, the effects of natural minerazlizazicr o0f :the

area (including fractur-ng, brecciaticen, end silicifiicaticrn, es

i

well as sulfide minerelization) are the common cause of the
mining/mininc waste anrcd the observed water quality. (This is nct
tCc say that, necessarlly, the water cuality observed today 1is
identical tc the water cuelity that would have been chserved had
there been no mining. 7Tris is a hypcthetical case that cannct be
tested for the Galena case. However, note the discussion in

Ercino (1988) of baseline water quality around other, recently

Adrian Brown Consultants, Inc.
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on the order ¢f 30 to 50 mg/L, are occurring.
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The ccnductivizy) is accounted for by S04 and the eguivealen:
cazticn lcad needed to (appreximately) balance the sulfzaze
charge. Very little metal is leachable from waste materizls
tested. In batch tests 1 - 1§, Cd increases by about (.C2 -
0.1 mg/l; Pb increeses by about 0.5 - 1 mg/l, and 2n

increases by about 5 - 10 mg/l.
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2. The fine-grained (minus 2 inch waste-rock and the chat)
crzicns of the waste materiels iInclude hicher amounts cf
leacrnatle metals anC cther reactive specles (see
ccnductivity, ER, pE), given the experimentel conditicns.
Eowever, the ranges cf metzl increzses Identifled in bullet

1 azrccve, acrply tc these samples as well.

Ca)

Results are nct signficeantly different for batch tests
cenducted with waters from different ponds cor differenc
water-rock ratios tested. This suggests that the impacts cf

the 2Additionel Rlternzstive can be assessec reliably on a

Subsite-wide baegis uveing the data cgenerazed by these tTes:ts.

Tne results fcr the three large-scezle batch tests conducied &t the
tlaticr of the flow-through program are cua’itatively similar

scale tests in several importan:t respects; these da:ta

rt
(0]
ct
o2
14
n
2}
f
'.l
;l
f

are also shown in Table 3.4. As can be seen frcm Teble 3.4, the

E rese and the ORP fell, as in the smaller batch tests.

ko)

Conducsivity, sulfate and the indicatcr metals rose by factcrs of

about 2 to 3 zbove the values seen in Batch Tests 1-1%.

The batch-test data are best interpreted as indicating that the

shert~tern benhavior of waste rock is dominated by surface-arez

Adrian Brown Consultants, Inc.
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effects. It is censidered that crushing the rock cduring mixing
and emplacement In the large-scale tests increased the tctal

ace area, expcsed frech faces t¢ redcx and cther chemiceal

Furthermcre, the intimate mixing allowed the test weter to contec:t

than is to be expected if the crairn

[

more fine-grained materia

cizes &re Inhcmogenecusly placed, which wouid allow intrinsic

permearillity ¢f the materiels to control flow. This
intergreteaticn leals TC TwC imprtent conclusicns:
z If metal release i1nthe very shert term gfter rlacement s
TC be minimized, 1t l1s preferarle tTc miInimize Tcteal

urfaces,

w0

surface azrea and the exposure ci fresh minercl
other things being egual. This implies that materials
handling should be minimized in an actual remedial action

encd thet in no case should materials be intimately mixed.

that has been mixed (and therefore crushed to

Ny
+3
'y
(1]
3]
o]
(9]
~

some extent) for the Ilow-throuch tests arpears Lo have

abcut 2 0 3 times greater leachebility of cacdmium, lead

3

d zinc than the same materials thaet were not mixed tc

fn

the same extent. This suggests that uvsing the results of
the batch and flow-through tests of this pilot progranm as
& basis for computation of the release 0of metals from
undisturbed waste rock on site will lead to a

considerable over-estimate of likely true impacts.

Adrian Brown Consultants, Inc.
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3.3 FLOW-TEROQUGE TESTINCG BEHAVIOR

- A - -
CIr weele rXrock - chzat
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mixTures sheow creat conelstency both betweern the replicate tests

with si’iceous waste rcck and even between the siliceous and

O : - £ - - - - - A N - e
rernerxKerly ceneletent Il TestT TC TecgT, -~ E.LOW cCccCrnegeaent oy
P - - N Eae - - e P R - -
SELl_1NC TETEeL.S anl su_Ielte cCclncentraltllne enl fe.llnc TClaa
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0
rt
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o
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ct
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the initial ratch test ancd through the
vciumes of the flow-through test. The pE initielly rises frcro
below about 5 (Pcnd 524 weter) to above €.5, which indicates thea:

the rock has some capacity to off-set any acicity that may be

"7 77 generated. Following the flushing of the initizl batch test, th
pE ¢f the solution remzins in the range cof apprcpximately 5.8 to

Adrian Brown Consultants, Inc.
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Table 3.5 - Flow-Through leach Test Data (Con.)
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Table 3.5 - Flow-Throuagh Leach Test Data (Con.)
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Ficure 3.2A - Flow-Through Leach Results
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* CADMIUM CONCENTRATION (mmg/1)

Figure 3.2B - Flow-Through Leach Results
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LEAD CONCENTRATION (ing/1)

Pilot Testina - Galena 3-22 June 30,

1689

Figure 3.2C - Flow-Through Leach Results
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pIl (pll untts)
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Figure 3.3 - Flow-Through Leach Results
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€.2 thrcughcut the remaining 25 or so pore vclumes. (Most cf

apperent varilaticn in pE 1s accounted fcor by the chances in pH

ermcre, in all three tanks, the pH rises intc the rance &

velues: v pore vclume 2 oI the Ifirst cycle cadmium, lead and

- . - e~ . N . . . .
Resed ¢ The pH, TI25S ancd conQuctivily trencs, LT seems Tnat n

ty

maicr-element chemistry does not differ significantly after

.__l
0
O
9}
)
‘l
ot
’J
O
8
[6)]

initial phases of reaction under these experimentea
betweer leaching c¢f calcareous or silicecus waste rock mixed w
crhez. The similzrities in long-term leaching are consiszent w

Th€e eMDecTtatlcorn TmET, aeIlTer 1nlTlé. regctlicnl oL agveli.aeZ_e

which fcr the twe styles ¢f waste rock are very similar.

For &ll three experiments, the fresh-face phenomenon can be
crbserved: <+the sclution chemistry changes most rapidly £fcr zll
parameters during the f£irst 24 hours (i.e., during the initiel

batch test), follecwing which the rate of change In scluticn

chemistry decreases fcr all parameters. These data, then, are

Adrian Brown Consultants, Inc.
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: : . s e e i
cons_stent with the batcoh test results in indicating that it is
earea andg

rrudent tC avoicd crucshing or otherwise Increasing surface

f1s
(9}
®
n

We have also ccnsicdered the batch and flow-througnh results In

verms cf the macss ¢f leacharle metals ¢ the basis 0f an

~

egulvalent-pcre-volume extracticn, tc test the signflcance ¢ Ilow
rate in determining the results. Figure 3.4 shcws the cete Zfcr
_eacning cf zinc in the tnree flow-through tanxs AlscC
nignlignTec 1§ the ILngut ITInC concentraticrn thrcughcut the tTesz,
recresentel Iy tThe [IinC ccncentraticn in the header Tank water
Based crn &z flow rate ¢i Z gallcrns per minute, tTne 24-nour Tatch
Test recresenic the eculvelent ¢ apprcximetely 7 pere velumes c¢f

ficw. Trerefore, we have numericeally integrated the areas under
the Three zingc curves bu:r above the baseline curve in

7-pcre-vclume increments. As can be seen, the mass cf zinc that

steacdlly (in fact at tThe same rate &g the Cccnrcentraticns)
throuvcncut the exper:iment. This shows that the decrease in
concentration seen in Figures 3.2&2 tce 3.2C is related to the
actuel leachability cf the waste materials in the site crounc

wazers and is not an ertifact ¢f the fiow rate that was used.

Adrian Brown Consultants, Inc.



ZINC CONCENTRATION (mg/1)
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With respect to evaluating the Additional Alternative, the mcs:
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significant result cf fiow-through leaching testing is

ing 0f the waste rock below the water tzZle can ke expectel ¢

th
)]

)

of

U

m

tn

()

¢

O

8]

ct
™

[ &)

1)

12
U
M
'
'J
3
(]
3
o
n
.
'l
n
el
O
[ ]
n
’ r
ty
4]
]

O
b3}
ot
jog
M
s,
v
t
M
e
t
o
8]
’ .
M

<*
'l
tt
6
O
-
of
ot
'y
m
m
ot
3
(o9}
23
ct
’:
[t
.:q
I
2
ll.
jo]
n
O
'
O
ty
|99
wn
&}
'4
S
QQ
b
O
[ 99
._l
0
'J
‘J
=
(]
'_l
l<
'_A
[4M
¢4
(9]
ct
O

eccentlzlly nc long-term Incrementel Increezse In concentraticn of
calmiuvm, leed anc zincz However, 1f waste méterileals c¢cn the
SUXIale LT & NMLLel SeellEs LI LlluTeiool. Uiw mHLSlonT o walel
cuelity Cue Tc variarly saturated leaching ablve the water TaZ.e

(see ARC, 1888z fcr veriably saturated leach test cata), disgcosel
belcw the water zable would have the long-term effec:t of
decreasing beth the ccncentraticn and the flux of metals in the
grecundwater system. (Fcr an statement c¢f the view that the

surface wastes are nct necessarily a significant source, see

3.4 COMPARISON OF TEST REISULTS WITH AMEBIEZNT WATER QUALITY

Takle 3.6 compares the results of the pilot tests to previously
published ranges of zmtient water quality data for the immecdizte
vicinity of Galena. Tnis table summarizes the data of Spruill

(1964), the Phase I Remecdial Investigation, and the PRPs’ 19E8

Adrian Brown Consultants, Inc.
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Table 3.6 Comparison of Pilot Leach Data to Reported Ambient
Water Quality Data
CALENA PILOT TEST - ABC 1091C DATH UPDATED:27-~Jun-B9

WATER QUALIT

MINE LOCATION
a3 34-25E-14CAC
24 34-25E-1200D
23 34-252-13AA2
29 J4-25F-13AAA
3< 34-25E-13CCA
3l 34-25E-14CAC
33 34-25E-14CBD
SUMMARIES
PILOT TEST PONDS
PILOT BATCH TEIST 1-6
1988 BATCH (DI}
1988 SATURATED
COLUMN TEST (METHOD2)

v

11-Aug-B1
15-Mar-82
15-Mar-82
15-Mar-82

12-Sep-8!
19-Nov-8;

12-Sep-8:
12-Aug-8.
13-Aug-3d.

l4-Aug-81
16-Mar-B2
16-Mar-82
16-Mar-82
16-Mar-82
16-Mar-82

14-Aug-81

Maximum
Mimimum

Maximum
Mimimum

Maximum
Mimimum

As Rec'v'd
-1"
Crushed comp

DAY 2
DAY 5
DAY 9
DAY 1§
DAY 28

NOTE: ~ IN

Adrian Brown Consultants,

usho ‘co
CCNU

41
67

NA

696
245

$40
i28

510
490

32
199
94

183
293
39
392
268

DICATES

su pPM mmememca-a-
pH [ 2¢] SCi
6.7 140
6.2 140
6.2
6.1 140
5.2 c.2 25¢
.2 196
.7 0.6 14¢
3.9 1.2 150
3.9 £.3 9E
4.7 300
4.7 s.2 2380
4.7 c.5
4.7 0.2
4.7 0.2
4.7 c.1 290
3.6 .8 200
6.7 5.4 350
3.6 0.1 98
7.3 1i 183
3.3 0.6 23
6.2 1.4 38
5.2 0.4 240
5.2 -10
6.3 28
6 71
6.5 64
6.58 107
6.39 138
6.7 125
6.74 84

“LESS THAN™ THE

DATA FROM SPRUILL, 198{ - USGS OF-R4-3421%

.34

(=)
o

.o
v

.15

-0.01

o0

-0.01

.42
.23
.26
0.06

[« XN SH N

DETECTION LIMIT SHOWN

Inc.

0.46
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laboratory-scale tests (ABC, 1988a), as well as the new results

-

his pileoct testing.

3
t

£yo

A4S can ke seen from Tezle 2.€, the only cate frcm the pilect leach
tests that fall cutside the previously published range cf chemical
parameters fcr waters in flooded mines Irn the Gzlerna area are the

Z2é-ncur raoch test results frcm the three tanks. (All ¢cf the

Eowever, +the initigl (Pcre Veclume 0.5) date f£rem these tanks in
flow mcde are rack to The ugrer limit c¢f the Sprulll (L%E4) dete

By Pcre Veciume 2 cf the first cycle, the velues are all well
within the previously reported range, and the remainder of the
pilot testing flow-thrcugh data indicate that the solute

concentratlicns ere decreasing with time and ¢grcund water flux

the background values under arkilen:t conditions.

Ncte, tToo, that zhe differences in chemistry the:t resul:t frem
ratch tests 1-15 are similer to or less than the changes in we:ter
guality cbserved in ABC (1988a). As discussed both above and in
ARC (19B6a), most c¢f the leaching in the batch-mode tests can be
ascribed to surface-zrez and mixing effects. The batch-test
results are expected tTC overestimate, probakly substantially, the
ccncentrations ¢f mezals and other dissclved constituents to be

expected due to lonc-term leaching of waste rock and chat that

Adrian Brown Consultants, Inc.
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might be dispecsed of in majecr greund water ponds in the Galena

area.

3.8 EVDRAULIC CONDUCTIVITY QOF FLOW-THROUGE TEST MATERIALS
The zest materizls were sufiliclently coerse crained that, es

flow-Thrcugh tTests Figures 3.2 and 3.6 show Crawdown versus Time
C.cis develcpel Irom measurements macde during the creining ¢f tre
flow-through tTest tanxs Tigure 2.5 1s the set cf picts fcr the
cornstant flow drawdown Test ccngducted after the initizl betch

tests; Ficure 3.€ 1g tnhe set c¢f rplilcts fcor the step Crawdown Tests

ccnéucted at the end cf the entire flow-through test progranm.

The cdata have been evaluated in the standerd manner, using &

Y me = ’ v 3 = P T e o - 3
formuleticn of Darcy’s law. The actual calculaticns are presentecd
in Appendix D. Both types cf test allow razpid estimates cf
[ ] oy - .t < - £ ' - - e - - -
nyarauvlic cencductivity ¢f tne tTest materieals. TFor all tanks, the

Tesis indiczte a hydrzcuclic conduczivity In the range c¢f 3 E-1 cm/s
cm/s. For Tenks 2 and 3, the mixtures cf siliceous was:te
rock and cha<t, the tanks drazined in about hezlf the time needed to
drzin Tenk 1, suggesting that the calcareous waste rock - chat
mixture is slightly less permeable than the siliceous waste rock/
chat mixture. These differences correspond to the Project
Engineer’s observation that the calcareous waste rock was somewhat

less coarse grained, on average, than was the siliceous waste

Adrian Brown Consultants, Inc.
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Figure 3.4 - Constant Flow Drawdown Tests
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Figure 3.5 - Step Drawdown Tests
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rock. (The drawdown curves for Tanks 2 and 3, the durlicate tests

with silicecus waste rock, are indistinguishable, indicating
unifcrm mixing between the twe test charges.) Ngote perticularly
that all velues are In the same order as the hydraulic
cecnductivities for clean sand Lo gravel (Freeze and Cherry, 1¢7&),

as wculd be expected for the crain sizes crserved (i.e., chat
roughly eguivalent to sand, and plus 2 inch waste rock roughly

rel) .

<

EC'L. valent <o cra

be ceontrclled by the hydraulic conductivity ¢f the intact country
rock, not by the hydraulic conductivity ¢f the backfilled material
itself. This indicates that the backfilling will have no

discernible effect cn the effective hydravlic conductivizy ¢f the

te

t

o

leteral flow cystem, and therefore on mass flux cfi w

.

)

Ncte, however, thet nc rerticular significance 1s attached ¢ the
absolute values of these tests results, because they apply to the
intimately mixed waste rock and chat used in the tanks. 2As
discussed in Sectiorn 2.3 above, there is no technicel reascn cr
plan to reguire such intimate mixing as part of an Additicnel

Alzernative. Therefcre, these data, which were required by the

Werk Plan ancd the Field Operaticns Plan are included for

completeness of the technical presentation only.

Adrian Brown Concsultants, Inc.
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2.¢€ SUMMAERY QF RESULTS

The results cbhbtairned frcm this testing prcgram are beth ccneslistent
and furndamencally N N - ummeaery h > = fclliows:

el Zundanmeltads } S‘mp-e. ~0osun sC...}, —a ey are as ICl.io0 .

l It 1s pecssikle tc leech metals, particularly zinc, Ircem
samp_.es 0f the Galenz Subsite’s waste rock and chat, ac
least initielly, &s was observec in AEC (1S8Ea).

2. Tne amcunt and rate ¢ leaching derend cn tne grein size ¢
Tre materiezl being leached, the amount c¢f mixinc of
ToTErLL.CZ, LInC T L _IZIZIZZr gt oL L. ZIosZInzs Iz PR

3 Trhe rzte at wnich leaching occurs cces nCct e&rpear to be

neitive to the waste-rock matrix, based cn

'
(@)
4

}_J
)
]
. .
2
n
14

results from the leaching of calcarecus and siliceous was<te

rock mixed with chat.

is thet the lecss the disturbance c¢f the waste meterial that
tzkes place, the lower the rate of metals dissclution tc be

expected.

2frer a period of time (appearently a very short period), it
appears that all the materials are similar in their
behavior. The trends in the data are clear. After the
initial batch leaching event, metal ccncentrations of

leachate fall rapidly towarcds very small values, at or even

Adrian Brown Consultants, Inc.
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arrarently below the background values for Pend E24 anc

1

substancielly within the reance c¢f values cbkserved by Spruill

(1884), CHE2M EIlL (1987), &and ABC (L%tbe). Similarly,
incremental mass loading a.sc gecreases culckly tce
indistingulsharzle levels. Simply put, efter & shert pericc

th

belcow The water tTable In Gealene-area ground waters cc ncso
arpeer likely tTc rrovide sicnificant dissolved metals (cr
cther sclute) lcading te the locel crocund weters ang,

ivity ¢I the mixeld waste roclk &nc crec

n
3
3
3
2
!
1
¢
!
’J
0
9]
O
23
{2
L
()
ot

This velue, which is much greater than the estimates cf
approximately 1 E~4 cm/s fcr Intact rock presented in the

RI, is if very limited rhysical signficance, bectause there

that the flow thrcugh the totel system will be contrclled
ntirely by the permeability of the country rock. Thus, the

permeability of The emplaced material 1is nct likely to have

any significant effect on the flow system.

Adrian Browa Consultants, Inc.
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4.0 WATER QUALITY IMPACTS
Trne avallakle cdate frcm previcus work and the new field
craracterization and pilct leaching date allow an evaluaticn c¢f

Under current conditions, Infiltrating water may move through the
wazste rock and chat orn the surface, leachingc scme metals fr
theose meterials as it recharges the ground water ¢f the shallow

£ mit cure- [ R . 3 ! - )
flow svetem. The challow greound water system discharces T The

InvesTigazicn, 1t 1s expected that there would be no discernirtle
impact ¢on water guality 1 waste rock and chat were cdisposed
subsidence features cf the Galena Subsite. Additiornally,the da:ea

ndicate that there would be no discernible difference in expected

[ XN

ground water quallity between the Additional Alternative anc the

currert (i.e., no action) situation.

Th

-

e ground water conditions on the site have been extensively
investigated from 1911 (Bziley, 1911) to the present (EPA, 198¢;
Spruill, 1984; Hutchison, Brown, and Smith, 1986; Angino, 1988;
ABC, 29688a). All investigators agree that the ground water
conceptuzl model for the mineralized area comprises essentially

the fcllowing components:

rian Brown Consultants, Inc.
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1. Surface water infiltrates intc the near surface

envircnment, either directly frcm precipitaticn cr by

0

2. The water charges the near-surface aguifer which iIs made
us ¢f Migsissiprian age limestcne and chert, which in th
Gzlena area was a.sc the orebody. In the subsgite arez,

bout 340 feet thick cn

(4
'Y
‘l
0
s,
o
ct
(¢
s
1
U
1]
I
te
’l
o
V]
(@)
o3
'l
ct
’)
0
fv

average end 1s of moderate permeabllity except in the

minerallteld areas, where the permearility Is locally

@]

ki

)

chat, this water reacts with the pyritic sulfide

mineralization, cxidizing the sulfides. As a result, pE

4, Water frcm the near surface aguifer flows into the locel
streams, carrying with it any metals and other dissclved

species that have been mcbilizecd.
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4.2 THE RDDITIONAL ALTERNATIVZ

The Acdciticrel Alternative prcpesed by CH2M HIIl involves the
placement ¢f che surface materials (waste rcck and 10W-ZIinC Chat)

0

gk

ceaA A 2t ; - - : P - - PR -
&2Scl T c.. TnL.e Tecs NG CCnie I TLLE program enc tne o

Xy

cencentraticns of metels ere proviced by saturated leachinc ¢
wasTe materials. RAfter cnly a few pere volumes cf flow, It
appears thet the fresh faces provided by crushing the waste
materials in the pilot handling procedures have ceased to

ls or other dissclved species tc the

o

Bt : < F3
ceontribute significant me:t

croundwater, and cadmium, lead, and zinc ccncentreations are all

cerntrolled at low velues, charactericstic ¢f the baseline rance cf
weézer gueasity (Cd neer .0l mg/l; leacd near .5 mg/l; zinc neer 5C
mg/l,; see Table 3.3 abcve). These values indicate that there ls

lizzle or no discernible incremental impact iIn the long term (cr
even in the shcrt term bevond an initial leaching that probekly is
related to materials-handling issues) on water cuality to be

expected from saturaced disposal of these materials.

The data from the pilot tests are fully consistent with the data

from the laboratory-scale saturated leaching experiment

Adrian Brown Consultants, Inc.
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9

previcusly repcrted by the PRPs. In those tests, concentration

- s
- -

~
~

o
o]
o8
(O]
Q.
o
v
N
oD

~
[

cf dissclved metals had returned ©¢ 0r near dec:

the Methcc 2 experiments (RBC, 1%E&ka). (Beczuse ¢ the use cf

experiments, the apprcpriate measure fcr compariscn in the curr
results is the incrementel change in metels from the baseline ¢

€ abscliute value c¢f the

o

pcst-test velueg, nct t

el o

‘nc chat tc be dispcsed of in the seturated tone), the
source-term will be reduced over the current source-term by
whatever proportion carn be disposed in fully sa ed concditic

eported by Andes (1988b) indicate that in EF

Ty
’1
o
-
(0]
(4]
<
m
|<1
e
[41]
ct
"
(0]
o)
(]
H

Zcnes 1-8, there is approximately £§10,00C cukic yards of sature
398 Y

retec

[#4

Cispesel space, exclusive of the veclume ¢ some 377 sat

saturated volume calculated by

'l
o3
(4]

hafts. sibl

6]

The reacdlly acce

0

n

Andes amcunts to about £5% of the combined waste-rock and chat

volume in the Galena Subsite. Thus, without any treatment cr e

__use of mine shafts, disposzl of waste materials to saturated ve

rc

;
€ec

ct

mine

ven

iCcs

may be expected to.reduce more than half of the current physical

source-term tC de minimus incremental concentrations of poten

leachate (where the baseline (i.e., ambient) water chemistry is

ccrnsidered to be a de minimus level, given the natural processes

in the system). As pcinted out by Andes, there is mecre than

rian Brown Consultants, Inc.
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enough space available in teotal mine vcids

unsaturated, to accomedate the total volume cf waste rock plus

crat, &and detziled englineering desicn should ellow hendling
proccedures that coulcd meet the reguirements cf the CHZ2M HIll

4.2 EVAIUCATICN CF FUTURE WATER QUALITY UNDER THEEZ ACDDITIONAL
T P v P —
ALTZRENRETIVE

Gelena Stursice

m
te
[$V]
o
Q
1]

U
o

3
(9]
n
3

3

cuallity of the

Tne long-Term weter
trnan the hancling ¢of waste rock and chet that ere
r.ow locatsd ¢n the ¢grcund surface.
calculations (including pE ccnsideraticns) one canncct
develcp a subsurface water compcsition like that c¢f the shallow

mine waters ¢ the Galena area by mixing the long-term leachate

frcm the flow-throucgh tests with local grcundwaters that agpear 0
be unazffected v the mining activities. To i1llustrate this
simply, trnere 1s no ccrmbination ¢ two simple scluticns with pH €

(Spruill’s Site 1135) t will procuce a

(e.g., Pond 524). Similarly, to produce a water

zinc (assume 45 mg/l for the purposes cf

es seen in the Pond 524, from a chat/waste-rock

1-3 long-term concentrations of approximately 50

mg/l zinc) and groundwater from site 115 (0.40 mg/l zinc) regquires

that the 2cnd 524 water be approximately 90% leachate and only 10%
groundwatzar; not only is this physicelly unreasonable for a

Adrian Brown Consultants, Inc.
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f.low-through ground water system given the climate ancd geclogy cf

The
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Baseld orn tThe tozallity ¢f the leaching dete cf both this prciec:t

ancd the 1988 PRP experimentzl procram and & review ¢f the

- b - - =1 s
mine-waTer cua-ity, i1t seems likely thet the metale centent cf
ﬁﬁﬁﬁﬁﬁ - - - - - ~ -~ - - - - - - ~ = =
sezchate Ircm Tne wagte roci oand the Cchat toley - scme I otTo LlL
2ve mCepv = -~ & - - - o~ Lempgvr i Yy N Ry
vezrs after the end ¢f minir c will nct be discernicl y different:
- - - - - - - < - M
thzn The water guallity théet elready existcs in the shalliow crcound

T3
L]
O
(]
(1]
0]
wn
(1]
n

(2ngino, 1988). Apparently, the contributiocn of metals to the

wazer in the mine pools from surface waste rock and cha:t is

prcroably a smell properticn ¢f the total metals in solution (A=C,
1¢26z). Furthermore, the new pilct tests show that ne significans

incremental Increase in concentrations 1s te De expected 1 weste

rccx and chat were to be Zisposed cf below the water takble uncer

As ras been prcposed elsewhere (e.g., Spruill, 1984; Angino,
1¢28), the chemistry cf thé mine water is probably related
p:imariiy to the reaction of oxidizing water at and near the water
tz-le with residual minerelizaticon in the mine vcids and the
mineralized country rock. In addition, to the extent that the

cc_umn leaching experiments of the PRPs 1988 labcratory procranm

Adrian Brown Consultants, Inc.
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represented useful simulations of leaching above the water tarle,

similar sclutions can be expected to arise frcm the movement cf
raTturzl Inilltraticn through vaccse-zcne rocxs that contein
similar minerzlogy That 1s, naturel recharge tnrough minerzliced
(evern sub-cre-crade) rock would be expeczed tcs previde metels tc &

N

grcundweter mixing zone, such as is prcovided by the drowned mine

vcids eand througneout the flow system to the streams (AREC, 188ta).
This is the ecsence ¢f the ccrmmeon-cause hypocthesis discussec In
Seczlcn Z...2 arove

Beczuse tThe lncrementeal scurce-term metals are low o
indiscernicle in the leng-term pilot-scale ieaching, it is clear
that dicpcsel below the wezer teble 1g supericr to dicgspesel arceve
the water tarcle, all elce being equal (see ARC, 1988a). Any

saturated placement (without treatment or materials handling that
ncreases surface area) will improve the ultimate water cuality
the extent that the current, variably saturatel waste materiels cn
ne surlace are an assumed source-term fcr current ground water

conciticns.

Twe conditicns to this conclusion must be stated. First, as
discussed in Section 2.1.2, it is not clear tha:t surficial mine
wastes are, in fact, significent contributcrs to the current
grcund water conditcions. The lack of spatial correlation between
presence of mining wastes at the surface and water guality
(particlarly pH and metals concentrations) in adjacent ground

water argues against a clear causal connectior.. Repeating the

Adriar Brown Consultants, Inc.
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conclusion of arguments presented above, the mining wastes anc the
water quality are best explained causally Irn terms cf a ccmmen
ry kelchenbach (L¢tg) .

cause re.zzicnship cf the sort described

Seccnd, it is most likely that there will be no identifiarle

-

-

rom disposing of the surficial wastes t©¢

ty

effect on water guality

-
~

vhe gaturated zone. Trhis can be seen from twc perspectives,
can be shown that the &CC,000 cubic yards of saturated dispceseal

b e

velume s much less <hen 1% of the total saturated veclume cf <he

Y
' r
.J
71
<
M
9]
3
o
1y
m

the effect crn the tctel system will be sm
imperzently, based ¢n the leaching date ci this rezort, by the
time approximately 2 pore volumes of ground water have reacted
with the test materials, concentrations of dissolved species have
recurned to the rance ¢f baseline cconditions. That is, no effec:
due to the Addliticnel Rlternative is or wouid be expected tc be

discernikble in ccmrarison with the range c¢f ckserved armkient

Adrian Brown Consultants, Inc.
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5.0

CONCLUSIONS AND RECOMMENDATIONS

t

The purpcse of the pllot leach study was tc evaluate the elfects

or. water guality c¢f meving waste rock and low-zinc chat to
saturated mine vcids in the Gelene subsite area. A seccndary
cktiective was tTc eveluate the leachinc behavicr c¢f the Gealene ol
waSTe materlels In locel crounc weter

£.2 CccuncLueIcns

The ccnclusions of the PRP studies are as follcows:

[

There 1s nct & clear causal

very sma.l ccntrizution to
ground water cr streams in
there is extencsive natural minerali
the ambient cground water cuality

13888) .

Adrian Brown Consultants,

connection

gt the surface and shellow water guelits

zation thac

(Spruill,

betweern mining

(K]
8]

l<

onoCch

}e-

chat reme
rrovice &
flux to
(L3C, 198B8a) and

affects

1884; Anginc,

Inc.
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2. The Additicnal Rlternative, if carried fcrward,
estimated to helve the totel maess flux
CI

amount

(93]

Streams ¢ expected t

sysTtem .S to b

flow

i aN

.l s -
AQClTichna.

mAAAN AT T T ANC
R AN Y Y
L S RN e e Lo

(
W

Perhaprs the most important finding of this study
h

is

cf dissclvec

wWaeetTe

0 be
e
when tThe

currenztly

tested waste materiazls are submerged, there is essentially no
further liberaticn of metels frcem the rock after an initzi
leaching that may reflect materials-handling iIssues. Thl
suggestTs that to the extent that the waste rock &nd che:
constitute a source, it could be mitigated effectively by

relocating the waste materials in the submergec mine open

which is what the Additicnal Alternative con:templates.

Alternatively, the current data are also ccnsistent with

propocsal for no action. Because there likely will be no
discernible effect on water quality from the Additional

Alternative and because the surfical waste materials are

Adrian Brown Consultants, Inc.
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demcnstrarly the cause cf the ambient water guzality, there is no

benefit (but very substantial costs) invclved in moving the

(-]

cle

W
a1

le. If decicsicn-making 1s to be bzsed cn water-gue

'y

o

mate

consideraticns, thern avciding the short-term Impects that will

likely coccur when the meterials are handlec (an

.
cruched) sucgecsts that leaving the surficiel materials in pleace

[

tn respect tO bcth Icng-term anc sheort-tern
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